The UN Sustainable Development Goals (SDGs) present a global agenda addressing social, economic, and environmental challenges in a holistic approach. Universities can contribute to the implementation of the SDGs by providing know-how and best-practice examples to support implementation and by integrating issues of sustainability into their operations, research, education, and science-society interactions. In most of the signatory countries of the Agenda 2030, an overview of the extent to which universities have already addressed the SDGs in research is not available. Using the example of universities in Austria, this study presents a tool to map research that addresses sustainability topics as defined by the SDGs. The results of an analysis of scientific projects and publications show current focus areas of SDG related research. Research on SDG 3 (Good Health and Well-Being) and SDG 4 (Quality Education) is well represented by universities in Austria, while other SDGs, such as SDG 1 (No Poverty) or SDG 14 (Life Below Water), are under-represented research fields. We anticipate the results will support universities in identifying the thematic orientation of their research in the framework of the SDGs. This information can facilitate inter-university cooperation to address the challenge of implementing the SDGs.
Introduction
The Anthropocene is the epoch characterised by steadily increasing human impact on all natural environmental systems [1] . The effects of human activity on ecosystems have caused an overshoot of planetary boundaries in many cases [2] , which results in environmental, social, and technical challenges, such as the loss of biodiversity or structural changes in society and technology. Typically, these change processes are marked by high complexity, resulting from multiple interactions and interdependencies among themselves [3] . To cope with such complex challenges, integrated approaches to sustainable development and integration of stakeholders at all levels is necessary. Here, the UN Sustainable Development Goals (SDGs) present a global political agenda, which addresses a range of social, economic, and environmental challenges [4] . Building upon the UN Millennium Development To summarise, HEIs can support an implementation of SDGs through:
• Performing problem-oriented real-world research; • critically reflecting the SDGs and associated measures; • educating future decision makers by fostering critical and systems-thinking; • offering best-practice examples for sustainable development on campus; and • strengthening the nexus at the policy-science-society interfaces.
To support HEIs in these tasks, the Austrian network, 'Alliance for Sustainable Universities', has initiated the project, UniNEtZ-Universitäten und nachhaltige Entwicklungsziele (translation: Universities and Sustainable Development Goals). This project aims at strengthening cooperation and networks between universities to integrate sustainable development as framed by the SDGs into research and education. Further, UniNEtZ aims to strengthen the interactions between science, society, and policy. In the sense of a value oriented third mission of universities [27, 28] , the project finally aims at signposting options for actions to political and societal decision makers regarding the implementation of SDGs in Austria, thus going far beyond a pure, classical assessment report of focus areas of research in the fields of the SDGs. The participating universities take over responsibility for the coordination of research, education, and communication activities on different SDGs. Steps taken so far have included numerous meetings between participating universities to develop the project as well as extensive negotiations with the relevant political stakeholders. Interlinkages between SDGs and targets are of particular importance to develop options that are compatible with multiple SDGs. By means of multiplication of sustainability topics into the education system, students and teacher educators will be involved into these activities as well. Several discussions between the participating universities have been dedicated to the question of how education for sustainable development can be fostered at universities. Sustainability issues should be integrated into training, study programmes from Bachelor up to PhD, teacher education, and life-long learning offers for alumni groups. A strong collaboration with political stakeholders, an incorporation of SDGs into the universities' structures, and the knowledge of available competencies and initiatives in the field of sustainability research, amongst others, have been identified as factors of success of UniNEtZ. Against this background, the aims of the project require knowledge about existing expertise in the research field of sustainable development, identifying both focus areas and topics that are hitherto underrepresented. This knowledge might help to detect focus research fields that can already provide support for political decisions with regard to the SDGs, and identify other research fields that still need to be strengthened to provide specific options for political action. Furthermore, this information provides docking points for establishing networks between different HEIs or research institutions that collaborate in implementing the SDGs.
However, an analysis of the extent to which universities in Austria have already addressed the SDGs in research is not available yet. Our study investigates how the SDGs are represented in the current Austrian research landscape in order to build upon existing expertise. For this purpose, digital mapping was conducted with thirteen universities in Austria to find current focus areas of sustainability research. The approach of this study is to develop a tool to map sustainability efforts in research at HEIs, based on the definition of sustainable development proposed by the SDGs. This tool can easily be adapted for similar analyses for other institutions and internationally to also map research activities on the SDGs on an even wider scale.
Materials and Methods
With the overall aim to identify SDG related focus areas of academia in Austria, the study design grounds on a keyword search, utilising an iteratively developed database of SDG terminology ( Figure 1 ). The keyword search was applied to map scientific publications and research projects of the participating universities from the period, 2013-2017. This period was chosen because it encompasses the most recent activities, which-given an average project run time of three years-ended no more than two years before.
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Data Basis
For the analysis, datasets from 13 universities in Austria (of 22 universities in Austria overall) with major, technical, artistic, musical, or medical scope were available, comprising about 155,000 publications and 17,000 projects in total. These datasets were extracted from the internal research documentation systems of the universities (IRDS). To ensure homogeneous data, some requirements for the provided datasets were defined for all universities. As a minimum, datasets included title, ID, authors, type of publication, publication year, and, as far as available, abstracts or project descriptions.
Keyword Catalogue
To map current research activities on the SDGs, a detailed keyword catalogue was developed. The official documents on the UN Sustainable Development Goals [4] , including the 169 targets, were screened for prevalent words. In a semantic approach, synonyms were derived from these basic words. Additionally, the list was matched with existing catalogues [29] . In an interdisciplinary process, including stakeholders from the partner universities, the SDG keyword catalogue was continuously discussed and developed. To improve the suitability and accuracy of the catalogue with regards to the SDGs, the keywords were tested in an iterative process. In a test run, keywords were applied to a database from one of the universities and then manually screened for errors. Some keywords were excluded from the list because the range of hits was too broad. As a consequence, publications and projects unrelated to the SDGs were identified by the algorithm. Other keywords had to be generalised because terminologies defined too narrowly did not deliver any hits, whereas some words had to be used in collocations to avoid misleading hits (Table 1 ). In the scope of this publication/project, the term, 'hits', refers to publications/projects with relation to SDGs. If several keywords within one SDG match a publication/project, this publication/project is counted as just one single hit. Publications/projects that are assigned to various SDGs are counted as one hit each in all of the relevant SDGs. After this transparent and participative process, the final catalogue comprised a total of ca. 1000 keywords, formulated in English and German. 
Data Basis
Keyword Catalogue
Keyword Search
The Python programming language was used to import the datasets into a PostgreSQL database and run queries to filter publications and projects matching the developed SDG keyword list. For the search, keywords were reduced to word roots, allowing the identification of word variations. The algorithm further includes Boolean operators. By applying this code, publications and projects were automatically assigned to one or more of the 17 SDGs. We applied the search to titles and abstracts of the datasets, as far as they were available. Through this approach, statistics on the distribution of the SDGs were retrieved from the analysed datasets.
Results
To identify SDG-relevant research activities of universities in Austria, the sum of publications and projects that generated hits in the keyword search was assumed as an indicator for the involvement of the university in the respective SDG. The search algorithm allowed for the option of attributing the entity of one publication or project to more than one SDG due to thematic intersections. For instance, a publication dealing with climate change education could be assigned to both SDG 4 (Quality Education) and SDG 13 (Climate Action), as keywords from both categories create hits for the publication. Table 2 shows the total number of analysed publications and projects (n tot ) compared to the total number of hits for all SDGs from the keyword search (n hits ). About 18% of the analysed publications and about 21% of the analysed projects are related to SDGs.
Viewing the accumulated publications for each SDG (Figure 2b ), SDG 3 (Good Health and Well-Being) shows a high percentage, followed by SDG 4 (Quality Education), SDG 15 (Life on Land), and SDG 11 (Sustainable Cities and Communities). The analysis of projects shows a strong presence of SDG 4 (Quality Education), followed by SDG 15 (Life on Land), SDG 11 (Sustainable Cities and Consumption), and SDG 13 (Climate Action). Some SDGs, such as SDG 1 (No Poverty), SDG 2 (Zero Hunger), or SDG 14 (Life Below Water), are less pronounced. While the analysis patterns are similar for most of the SDGs when comparing the publications and projects analysis, SDG 3 is obviously more represented in publications than in research projects. In contrast, the share of projects is higher than the share of publications in the field of SDG 4.
As stated in Table 2 , a smaller set of projects than publications was analysed with the methodology described. For clarification, it needs to be added that some universities were not able to provide project data as secrecy regulations and infringements hinder any analyses of project databases. Therefore, the number of projects does not mirror the total number of projects implemented by the 13 universities, which delivered data for the mapping. A closer look at these results reveals that there are differences in the distribution of thematic focus areas between universities, which are indicated by the spread of the boxplot diagrams (Figures A closer look at these results reveals that there are differences in the distribution of thematic focus areas between universities, which are indicated by the spread of the boxplot diagrams (Figures 2a and 3a) . The location of the median indicates whether this spread follows a normal distribution (median located in the middle of the box), if there are just a few universities with a strong focus (median close to the lower limit of the box), or only a few laggards (median close to the upper limit of the box) in the respective SDG. For instance, there is a high share of publication hits related to SDG 3 (Figure 2b) , however, the median shown in Figure 2a is low compared to the maximum. This suggests that SDG 3 has a strong publishing focus at a few universities, while the average is lower. These results highlight that there are some SDGs that are rather well covered by universities focusing on thematic niches, however, they do not represent the mainstream of SDG related research at universities in Austria. For example, in the case of SDG 3 (Good Health and Well-Being), topics are mostly covered by medical universities. On the other hand, research on SDGs, such as SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities), is covered by a broad range of universities.
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Discussion
The study at hand draws a picture of the current focus areas of research at universities in Austria concerning the SDGs. This quantitative assessment of publication and project activities is considered to be an impression, not the final picture, as not all universities in Austria are represented. Some universities in Austria have started their own efforts to analyse their SDG-related activities and have arrived at results with varying degrees of agreement with the results of this study. As they applied other mapping methods, the results are not directly comparable. However, considering the high number of analysed publications and research projects, as well as the observation period of five years 
The study at hand draws a picture of the current focus areas of research at universities in Austria concerning the SDGs. This quantitative assessment of publication and project activities is considered to be an impression, not the final picture, as not all universities in Austria are represented. Some universities in Austria have started their own efforts to analyse their SDG-related activities and have arrived at results with varying degrees of agreement with the results of this study. As they applied other mapping methods, the results are not directly comparable. However, considering the high number of analysed publications and research projects, as well as the observation period of five years integrated into the study at hand, some statements can be derived from the general status of research with relation to the SDGs at universities in Austria.
Discussion of the Methods
In the frame of this investigation, publications and projects have been analysed. To gain a holistic impression of research activities, different dissemination formats of research should be considered. For example, universities with an artistic, dramatic, or musical scope do not primarily focus on peer-reviewed publications, but might rather disseminate scientific outcomes through other formats, such as theatre plays or artwork. The fact that this analysis exclusively focuses on publications and projects does not express a preference for these formats. The societal outreach of artistic formats might even be higher in some cases [30] . However, in the frame of this study design, an analysis of other formats was not possible, but could be the subject of further research.
Integrating education for sustainable development into HEIs plays a crucial role in SDG implementation. Therefore, a similar mapping applied to those education formats addressing sustainability topics would deliver valuable insights and help to foster a stronger integration into the education system. The role of universities as educators for future teachers, who are multipliers of sustainability knowledge, should be highlighted at this point. However, as the database for education formats was incomplete in most cases, a mapping could not yet be applied and will be the subject of further research.
In addition, the selection of keywords influences the outcome. As the list of keywords comprises about 1000 carefully selected words, the output is regarded as relatively robust. The method can be automated to some extent and is able to handle big data sets. Further, the results are reproducible, comparable, and replicable, and, thus, the tool can be applied to other institutions as well. Nevertheless, a disadvantage of the application of this method in an interdisciplinary academic approach is that the necessary steps can be quite time consuming, especially when identifying the right keywords, reiteratively discussing keywords with experts and stakeholders, programming software for the analysis, gaining access to the datasets, and testing the outcomes for plausibility. Alternative methodologies could include questionnaires with stakeholders at the respective institutions. The decision was made against such an interview approach because there could be too great a bias in selecting interviewees based on existing cooperation, which, consequently, would not deliver representative results. Further, only researchers that are familiar with the concept of the SDGs would identify their publications as being relevant in this context. It was assumed that, in some cases, SDG related research is conducted without consciously being labelled as that. Further, the method of identifying relevant stakeholders by a snowball system bears the potential to focus on one community, while losing sight of other stakeholders or disregarding some that have been unknown so far. Database mapping is a commonly applied tool in research on university activities and presents a more homogeneous approach. Stakeholders and activities that are not yet involved in the networking activities on SDGs at universities in Austria can also be identified with this method. However, a pure quantitative approach, like the one applied here, could ignore some facts. As the keyword search does not include a weighing of the direct relevance of SDG research, a qualitative completion of the study is recommended.
Discussion of the Outcomes
Generally, social and economic goals are reasonably well-represented by the SDGs, whereas environmental targets are only slightly integrated into policy measures [31] . This trend is also reflected by the outcomes of our study, where social objectives prevail. Because basic human needs are underpinned by environmental systems, some argue that environmental objectives should be mainstreamed, e.g., by integrating respective targets more strongly also into those SDGs with a social or economic focus [32] . Especially, goals, such as SDG 8 (Decent Work and Economic Growth), bear the potential to be achieved through undermining the 'Earth's life-support system' [32] .
The strong representation of SDG 4 (Quality Education) in publications and projects across all universities (Figures 2a and 3a) can be seen as an advantage because SDG 4 is the goal with the most impact on all other SDGs, and is considered to influence the whole SDG system [32] . Of course, it should be considered that this quantitative approach cannot express single research niches, which might not stand out in the results; however, nonetheless, it delivers valuable contributions to understanding and addressing the SDGs.
A central question that needs to be addressed is whether some sustainability goals, such as SDG 1 (No Poverty), require more attention. Comparing the results of the study at hand with the status of Austrian SDG achievement can deliver some insights here. According to the SDG Index and Dashboards Report [15] , Austria is ranked ninth in an international comparison between signing parties of the Agenda 2030. It has to be noted that SDGs with indicators measuring social and economic wellbeing are already on a comparably high level in Austria, meaning they are much closer to being reached than in other countries with less wealth. However, SDGs by their origin are defined as issues on a global scale, therefore, an SDG achievement of a nation, or on a national scale, must be considered differently than an achievement on the global scale [33] . For instance, the SDG ranking demonstrates that Austria is on a good track with SDG 1, whereas for the achievement of all other SDGs, either significant challenges or major challenges remain (Figure 4) . The good performance of SDG 1, however, ignores the fact that economic wealth is often built on an externalisation of side-effects in countries with worse SDG indexes. Environmental impacts of production and consumption in industrial states are often shifted to developing countries [34] . Lim et al. further argue that SDG 1 shows some gaps, as it 'does not facilitate the redistribution and restructuring of wealth required to address poverty as a global issue' [32] (p. 5). Thus, achievement of SDG 1 in one country does not necessarily indicate progress on a global scale. There are interdependencies between SDG 1 and other goals, such as SDG 2 (Zero Hunger) or SDG 12 (Responsible Consumption and Production), due to spillover effects, especially generated by OECD countries in trade [15] . These spillovers generally describe the negative or positive impacts of one country on the SDG performance of another country and are calculated into the SDG index [35] . According to the SDG Index and Dashboards Report 2018, 'especially high-income countries generate high environmental, economic, and security spillovers, which undermine other countries' efforts to achieve the SDGs' [15] (p. 8). The low performance in SDG 12, SDG 13, and SDG 17 demonstrated in the SDG Index and Dashboards Report might be a hint that international cooperation should be fostered in Austria, as these topics represent issues that can only be solved on a global scale. Strengthening international cooperation on the institutional level is the aim of SDG 17, therefore, Austria should focus more on this goal to address these unmet challenges. These results encourage deeper research to support advancements there. The findings of the SDG mapping at hand indicate that SDGs 12 and 13 already seem to be quite well addressed in research projects (Figure 3b ) and are covered to some extent in publication activities (Figure 2b ). In contrast, SDG 17 seems not to get the attention it needs in order to address the issues suggested in the SDG Index and Dashboards Report [15] (Figures 2b and 3b) .
Further, the SDG Index and Dashboards Report [15] suggests that advancements in SDG 14 (Life Below Water) are necessary, as most states perform badly, including Austria. Although SDG 14 is not of great relevance to Austria at first glance, a low performance is the result of spillover effects through pollutants and the use of global commons, such as the ocean. Considering the low representation of research activities in Austria related to SDG 14 (Figures 2b and 3b) , additional research would be useful to contribute to a deeper understanding of the relevant processes. 
Conclusions
The project, UniNEtZ, wants to build on existing SDG expertise and further empower universities to fulfil their new role as transformative forces. The results of the keyword search delivered valuable information on the status quo of university-based SDG research and aided the 13 universities in finding their roles and responsibilities within the project. Foremost, it highlights the currently existing SDG research competences at universities in Austria. This will be the cornerstone for formulating options for SDG implementation and will serve as an input for integrating sustainable development into research and education at universities in Austria. The results demonstrate that there is already strong expertise related to specific SDGs in research. In most cases, the picture of current focus areas in research on SDGs presented here corresponds well with the assessment of the SDG Index and Dashboards Report (SDG Index 2018). Thus, with their focus on research fields where challenges remain to achieve SDGs, universities in Austria seem to be able to contribute to paving the way to support the Austrian government in meeting the SDGs. In interpreting these findings, we need to consider that current basic research activities, which are not directly linked to the SDGs, can also substantially contribute to the development of SDG solutions; for example, by understanding natural and social processes or by identifying sustainability challenges. A key issue that has to be addressed is whether research activities in Austria should focus only on those sustainability challenges which mainly affect the country itself, or also on SDGs with indirect global interactions, such as SDG 14.
Further, the analysis provides a basis for network-building, delivering a comprehensive list of relevant research groups for each SDG. Collaboration between different scientific disciplines and political, as well as societal, stakeholders is key for preparing political options, even within a single goal. This holds true especially for interlinkages between SDGs, where measures to reach one target might jeopardise another [36] . Considering the status of the SDG Index, science could support the monitoring of SDG advancement and achievement, especially for those SDGs that are characterised by high complexity and mutual interactions. Further research into these SDG interactions in Austria will be necessary to understand the effects and consequences of each measure that is recommended 
Further, the analysis provides a basis for network-building, delivering a comprehensive list of relevant research groups for each SDG. Collaboration between different scientific disciplines and political, as well as societal, stakeholders is key for preparing political options, even within a single goal. This holds true especially for interlinkages between SDGs, where measures to reach one target might jeopardise another [36] . Considering the status of the SDG Index, science could support the monitoring of SDG advancement and achievement, especially for those SDGs that are characterised by high complexity and mutual interactions. Further research into these SDG interactions in Austria will be necessary to understand the effects and consequences of each measure that is recommended by the researchers. It will also support clustering the SDGs according to their interactions, be they synergistic or antagonistic. Additionally, it enables evaluation of the options at hand, creating the possibility to tie packages of options with high synergistic potential for several SDGs or no-regret-options.
The transfer with and to societal and political stakeholders is decisive for the achievement of SDGs. For that, both scientific knowledge on the society side as well as societal knowledge on the science side is a vital pre-requisite and, thus, mandatory. In this sense, further research could investigate the exchange of knowledge between scientific and non-scientific stakeholders and monitor the transfer of such knowledge into practical fields of SDG implementation.
Last, but not least, the analysis in itself helped to improve the SDG competences of participating researchers and the project team, leading to ongoing discussions about the strengths and shortcomings of the keyword method, along with a deeper engagement with SDG terminology.
UniNEtZ will proceed with building strong cooperation between universities in Austria, further integrating issues of sustainability into research and education, and supporting governmental decisions. The project aims at signposting definite opportunities for action to advance towards sustainable development as defined by the SDGs.
